1 0 1 stage were selected and sprayed with 0, 1, 3, 10, 20 and 50 mg·L -1 BAP, the heading date and the 1 0 2 morphology of flowers were observed. Ten replicates were used for analyses described above. At the experimental site (Shaanxi province, China), the switchgrass cultivar 'Alamo' sprouting in 1 0 7
late April and heading in middle August. In July, the tillers developed into E3 to E4 stage with 3 or 4 1 0 8
nodes visible (Fig. 1a ). Anatomical analysis revealed that an immature inflorescence about 1 cm in 1 0 9
length had developed at the shoot apex ( Fig. 1b ). Histological study showed that these immature 1 1 0 inflorescences had developed floret meristems, while the pistil and stamens were still missing ( Fig. 1b 1 1 1 and 1c). According to the development process of rice inflorescence, it was at the IN6 to IN 7 stage 1 1 2 (Ikeda et al. 2004 ).
3
After 30 days of incubation on shoot induction medium, explants developed into shoot clumps. The 1 1 4 number of the shoots reach to 20 or more ( Fig. 1d ). As can be seen from figure 1d, shoots regenerated 1 1 5 from different parts of explants were different in number and thickness. Shoots emerged from the base 1 1 6 of the explants were stouter, while those emerged from apical side of the explants were thinner.
7
However, shoots emerged from apical side were more dominant in quantity.
8
After another 30 days of subculture, the number of shoots emerged from an explant increased to 50 1 1 9 or more. And shoots emerged from different parts of the explants tend to be uniform in size ( Fig. 1e ).
Morphology analysis revealed three kinds of shoots with different origin
1 2 1
To investigate the origin of shoots arise from different parts of the explants, we detached the shoot 1 2 2 clumps and compared the morphology characters of different kinds of shoots under a stereoscopic 1 2 3 microscope, and a total of three kinds of shoots were found.
2 4
The first kind of shoots were speculated originated from the axillary buds, the evidence include: (1) 1 2 5
This kind of shoots emerged from the base of the explants, where possessing two or three nodes with 1 2 6
shortened internodes as described in other forage grasses (Fig.1b, Moore et al. 1991) , and on the 1 2 7 explants, axillary buds were also observed( Fig. 2a ).
(2) These shoots have a distinctive main stem and 1 2 8
it was bigger in size compared with other shoots (Fig. 1d, Fig. 2b, c) , which indicated that the main 1 2 9
stem formed first while the other shoots formed relatively later.
(3) These shoots were connected with 1 3 0 the main stem directly and arranged symmetrically, which indicated that these shoots formed orderly 1 3 1 along with the development of the main stem, which is similarly to the formation of axillary buds on 1 3 2 the switchgrass tiller. To simplify these shoots were named as "AX shoots" in the following 1 3 3 description.
3 4
Another kind of shoots were speculated arise from adventitious buds, the evidence include: (1) 1 3 5
Explants used in this experiment were shoot apexes harvested at the E3-E4 stage, they were less 1 3 6 differentiated organs, and callus was observed on explants accompanying with the shoot clumps 1 3 7 formation ( Fig. 2d ).
(2) This kind of shoots grown out from the same position of the explants. As 1 3 8
shown in figure 2e and 2f, about 10 shoots emerged from the node of explant, and they merged together 1 3 9
at the base of the shoot clump, which indicated that they were arise from the callus induced from the 1 4 0 node of the explants. To simplify these shoots were named as "AD shoots" in the following description.
4 1
There was another kind of shoots emerged from the explants, they were speculated originated from 1 4 2 flower reversion, the evidence include: (1) Some floret like organs were observed accompanying with 1 4 3 these shoots (Fig. 2g ), and they were connected at the base.
(2) These shoots arranged different from 1 4 4 AX and AD shoots, they were connect at the base but didn't merged like AD shoots, and they arranged 1 4 5 dispersedly like florets on a spikelet ( Fig. 2g ).
(3) There are several similarities between the third kind 1 4 6 of shoots and the normal floret of switchgrass ( Fig. 2h and 2i ). Switchgrass spikelet was two flowered 1 4 7 (Fig. 2i, Martinez-Reyna & Vogel, 1998) , which contain a sterile floret with only three stamens and a 1 4 8 fertile floret with three stamens and one pistil ( Supplementary Fig. S1 ). In the regenerated shoots, we 1 4 9
can also recognize two associated shoots grown out ( Fig. 2h ). At the base of these shoots, we can find a 1 5 0 smallish and shortened tissue ( Fig. 2h ) which like the pedicel in a normal floret ( Fig. 2i ). There were 1 5 1 two small leaves bent inward at the base of these shoots ( Fig. 2h ), they were similar to glumes of a 1 5 2 floret ( Fig. 2i ). And at the bottom of each shoot, we also observed a bract-like leaf (Fig. 2h ) which 1 5 3 corresponding to the lemma in a floret (Fig. 2i ). Morphological characters described above inferred that 1 5 4 this kind of shoot might arise from the florets of switchgrass immature inflorescence, and to simplify it 1 5 5 was named as "FL shoots". one was initiated from the first floret with only stamens (Martinez-Reyna & Vogel, 1998) . In FL shoot 1 6 7 initiated from the fertile floret (Fig. 3a, left) , the inner whorls tissues stopped develop into floral organs.
6 8
The stamens degenerated and shortened stamen-like tissues retained. At the terminal of the floret, pistil 1 6 9
was replaced by a newly-formed tissue without style or stigma. While in FL shoot initiated from the 1 7 0 sterile floret (Fig. 3a, right) , the stamens were also degenerated. And at the terminal of the floret, which 1 7 1 was degenerated in normal florets ( Supplementary Fig. S1 ), cells resume growth and formed a bulge, it 1 7 2 was speculated the growing point of the regenerated shoot. No callus or somatic embryos were 1 7 3 observed in FL shoots.
7 4
In figure 3b and 3c, we compared the microstructure of florets adjacent to FL shoots (Fig. 2g ) and a 1 7 5 normal floret (Fig. 2i ). Result showed that florets adjacent to FL shoots displayed partial reversion. In 1 7 6 these florets, the filaments were obviously shortened, and at the inner whorl where pistils should be 1 7 7
grown out, two leaf-like tissue were observed. According to the development of flower organ in rice 1 7 8
( Supplementary Fig. S2 , Ikeda et al., 2004) , they might developed from the carpel primordium 1 7 9
although they were not fused together like a normal ovary ( Fig. 3c) . At the center of the normally 1 8 0 developed floret, we can find an ovary with two separately growing styles at the top and an ovule in the 1 8 1 center ( Fig. 3c and 3d ), yet at the center of the half reversed floret, a globoid tissue with neither style 1 8 2 nor ovule was formed (Fig. 3b ). Since it located at the inner whorl of the carpel, we speculated the 1 8 3 globoid tissue was developed from the ovule primordium. Callus and somatic embryos were also not 1 8 4
found in the half reversed florets.
8 5
To validate that histological characteristics mentioned above were unique in FL buds and half 1 8 6
reversed florets, we further analyzed the histological structure of AX and AD shoots. In AX shoot 1 8 7 clumps, the growing points of apical bud and axillary buds were small, they were covered by layers of 1 8 8 young leaves (Fig. 3e ). This structure was the same as shoot apical meristem in monocot plants like 1 8 9
rice and maize. While in AD shoot clumps, the shoots arranged side by side, and the shoot apical 1 9 0 meristems were also covered by young leaves although they were less compact than that of AX shoots 1 9 1 ( Fig. 3f) . No floral-shaped tissue or organ was observed in both AX and AD shoots.
9 2
Combine results mentioned above we can conclude that FL shoots arise from floret primordium, and 1 9 3 they were initiated from growth pattern change of the floret primordium, which means they were 1 9 4 developed from flower reversion rather than somatic embryo. 1 9 5
Factors influencing switchgrass flower reversion
1 9 6
Flowering is a complex phenomenon regulated by multiple factors, of which photoperiod, 1 9 7 temperature, and growth regulators have been widely investigated and showed common effects in most 1 9 8 plant species. In this study, the living condition of reverse developed young inflorescences changed in 1 9 9
several aspects compared with the normal ones developed outdoor. To explore the importance of each 2 0 0 factor, we further analyzed their effect on flower reversion independently.
0 1
High concentration of BAP facilitated switchgrass flower reversion 2 0 2
To explore the effect of BAP on switchgrass flower reversion induction, we analyzed the number of 2 0 3 three kind of shoots under different concentration of BAP. Results showed that the number of AX shoot 2 0 4 increased significantly when the level of BAP was increased from 0 to 3 mg.L -1 , while it changed little 2 0 5 when the BAP concentration increased from 3 to 5 mg.L -1 . No AD shoot was induced when the BAP 2 0 6 concentration was lower than 1 mg.L -1 , however the number of AD shoot increased observably at 2 0 7
higher BAP concentrations (≥ 2 mg.L -1 ) and it reached a maximum at 4 mg.L -1 (Fig. 4a ). FL shoot was 2 0 8 6 / 1 2 not induced when the BAP concentration was lower than 1 mg.L -1 . When the BAP level increased to 2 2 0 9 mg.L -1 , a small number of FL shoots started to emerge. When it increased to 3 mg.L -1 , the number of 2 1 0 FL shoots increased significantly, the average number reach to 8.9 shoots per explant, and it changed 2 1 1 little at higher BAP concentrations (4 and 5 mg.L -1 ).
1 2
The photoperiod have little effect on switchgrass flower reversion 2 1 3
The day length used in this study was elongated to 20 hours compared with the filed condition (14 2 1 4 hours). To explore if the photoperiod played an important role in switchgrass flower reversion, we 2 1 5
analyzed the induction of three kind of shoots under a set of day time from 10 hours to 20 hours.
1 6
Results showed that the number of AX, AD and FL shoots changed a little under different photoperiods 2 1 7 ( Fig. 4b) , which suggesting that the day length was less important in switchgrass flower reversion.
1 8
In vitro culture is required for switchgrass flower reversion 2 1 9
The living condition of explants in switchgrass flower reversion induction was different compared 
3 4
Flowering is a complex phenomenon regulated by multiple factors, of which photoperiod, 2 3 5 temperature, and growth regulators have been widely investigated and showed common effects in most 
